Introduction {#sec1-1}
============

Moyamoya disease (MMD) is a vasoocclusive disease characterized by abnormal vasculature at the base of the brain.\[[@ref1]\] MMD is characterized by stenosis or occlusion observed at the terminal portions (supraclinoid) of the internal carotid artery (ICA) and the proximal middle cerebral and anterior cerebral arteries.\[[@ref1][@ref2]\] These findings are present bilaterally and called 'definite moyamoya'. Unilateral cases are termed as 'probable moyamoya'.\[[@ref3]\] Highest incidence of MMD occurs during the 1^st^ decade of life, most commonly presenting as transient ischemic attacks (TIA) or ischemic strokes; whereas, intracranial hemorrhage is more common in adults.\[[@ref1][@ref4]\]

Etiology is unknown, but number of mediators of the neovascular response like fibroblast growth factor (FGF), transforming growth factor (TGF beta 1), and prostaglandins have been proposed.\[[@ref5][@ref6]\] Possible role of viral infection with Epstein-Barr virus has also been suggested.\[[@ref7]\] Suzuki and Takaku described six stages of MMD by cerebral angiography.\[[@ref8]\] Moyamoya network may be seen at different sites and named accordingly. Ethmoidal moyamoya refers to the network formed at the frontal base of the brain with branches from ophthalmic artery. Posterior basal moyamoya refers to the formation of moyamoya network by the branches of posterior cerebral artery and vault moyamoya is due to extra- and intracranial transdural leptomeningeal collaterals between pial vessels and external carotid artery branches.\[[@ref1][@ref2]\]

A number of procedures have been devised to create collateralization on the brain surface like superficial temporal-middle cerebral artery (ST-MCA) bypass and encephalo-duro-arterio-synangiosis (EDAS).\[[@ref1]\] Ambekar *et al*.,\[[@ref9]\] did intraoperative assessment of STA-MCA bypass patency using near-infrared indocyanine green video angiography (ICGA) and found it as an effective technique to assess bypass patency during cerebrovascular surgery. They also concluded that routine use of ICGA in cerebral bypass surgery improves graft patency and minimizes complications due to graft occlusion.

Materials and Methods {#sec1-2}
=====================

This is a retrospective study of 26 patients diagnosed with MMD, admitted at our institute from August 2010--March 2013. All the patients underwent brain imaging in the form of computed tomography (CT), magnetic resonance imaging (MRI), followed by cerebral angiography (CT angiography (CTA)/digital substraction angiography (DSA)) to confirm the diagnosis. Diagnosis was made on the basis of features of angiographic findings studied by the visualization of both the carotid and vertebrobasilar circulation. All patients had a negative vasculitis workup. Work-up for hepatitis B and C were negative. None of the patients died during hospital stay and most of the patients were discharged in stable condition with conservative treatment. One patient who presented to us with coma remained in vegetative state 2 months after the discharge. Out of the 26 patients, 20 (76.92%) were females and six (23.08%) were males (ratio F:M = 3.3:1). Patients were aged from 5 to 50 years (mean age, 19.96%). Thirteen (50%) were pediatric (0-18 years) and 13 (50%) were adults.

Results {#sec1-3}
=======

Eighteen patients (69.23%) presented with hemiparesis, two patients presented with TIAs, four patients with headache, one patient with seizure only, and one presented with coma. Fifteen (57.69%) patients had infarcts on brain imaging. One patient with TIA had normal imaging of the brain and one patient with seizure had developmental venous anomaly (DVA). Ten (38.46%) patients had intracranial hemorrhage. Out of 26 patients, four (15.38%) patients presented with recurrent stroke. Out of 13 children, all of them (100%) had ischemic episodes. Out of 13 adults, 10 (76.92%) had hemorrhage and three (23.07%) had infarcts. One pediatric patient with recurrent stroke had startle myoclonus. Salient features of this study have been depicted in [Table 1](#T1){ref-type="table"}. Clinical features, CT, and MRI findings are given in [Table 2](#T2){ref-type="table"}.

###### 

Depicting salient features of our study
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###### 

Depicting clinical features, CT and MRI findings of patients with moyamoya disease

![](AIAN-17-182-g002)

MMD was diagnosed by CT/MRI followed by cerebral angiography. CTA was done in 25 (96.15%) patients; whereas DSA was done in 18 (69.23%) patients. Disease was bilateral in 22 (84.62%) patients hence definite moyamoya; whereas, disease was unilateral in four (15.38%) patients (probable moyamoya). Thirteen (50%) patients had posterior circulation involvement. One of the patient had proximal MCA aneurysm and one had DVA. Out of 10 patients with intracranial hemorrhage, two (20%) had isolated intracerebral hemorrhage (ICH), five (50%) patients had ICH with intraventricular extension (IVE), and three (30%) patients had primary intraventricular hemorrhage (PIVH). DSA findings have been detailed including staging in [Table 3](#T3){ref-type="table"}.

###### 

Depicting angiographic features with staging in patient with moyamoya disease
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Illustrative cases {#sec1-4}
==================

Case 2: A 45-year-old female presented with sudden onset left hemiparesis and headache. Imaging revealed ICH with IVE and DSA showed bilateral MMD \[[Figure 1](#F1){ref-type="fig"}\].

![(a) Computed tomography (CT) head showing ICH with IVE. (b) CT angiography showing bilateral prominent basal collaterals. (c) DSA (right ICA injection) showing puff of smoke appearance at distal ICA and proximal MCA. ICH = Intracerebral hemorrhage, IVE = intraventricular extension, DSA = digital subtraction angiography, ICA = internal carotid artery, MCA = middle cerebral artery](AIAN-17-182-g004){#F1}

**Case 4**: A 25-year-old female presented with headache with no focal deficits on examination. Imaging showed PIVH and DSA revealed bilateral MMD with posterior circulation affection \[[Figure 2](#F2){ref-type="fig"}\].

![(a) CT head showing pivh. (b) CT angiography showing bilateral posterior basal moyamoya. (c) DSA (left vertebral artery injection) lateral view showing moyamoya network at posterior cerebral artery. (d) DSA (right ica injection) revealing supraclinoid ICA stenosis with classical "puff". DSA = digital subtraction angiography, ICA = internal carotid artery, pivh = primary intraventricular hemorrhage](AIAN-17-182-g005){#F2}

**Case 5**: A 35-year-old female presented with sudden onset right hemiparesis. Imaging showed ICH and DSA revealed unilateral left sided MMD with associated right proximal MCA aneurysm \[[Figure 3](#F3){ref-type="fig"}\].

![(a) CT head showing left basal ganglia bleed. (b) DSA lateral view (left ica injection) showing network of vessels at frontal base suggestive of ethmoidal moyamoya. (c) dsa (right ICA injection) showing associated right asymptomatic proximal mca aneurysm (arrow). DSA = digital subtraction angiography, ICA = internal carotid artery, MCA = middle cerebral artery](AIAN-17-182-g006){#F3}

**Case 12**: A 23-year-old female presented with headache with no neurological deficits on examination. Imaging showed ICH, whereas DSA revealed bilateral MMD with extensive collaterals \[[Figure 4](#F4){ref-type="fig"}\].

![(a) CT angio showing bilateral proximal mca and aca narrowing with extensive posterior basal (collaterals) moyamoya. (b) DSA lateral view (left ICA injection) showing leptomeningeal collaterals suggestive of vault moyamoya along with basal as well as ethmoidal moyamoya. DSA = digital subtraction angiography, ICA = internal carotid artery, MCA = middle cerebral artery, ACA = anterior cerebral artery)](AIAN-17-182-g007){#F4}

**Case 18**: A 5-year-old female child with recurrent stroke had infarcts on MRI. DSA revealed bilateral MMD with basal collaterals \[[Figure 5](#F5){ref-type="fig"}\].

![(a) Magnetic Resonance Imaging (MRI) brain axial section showing right mca territory infarcts. (b) DSA lateral view (right ica injection) showing supraclinoid ica, proximal MCA severe narrowing with classical "puff" suggestive of basal collaterals (moyamoya). DSA = digital subtraction angiography, ICA = internal carotid artery, MCA = middle cerebral artery)](AIAN-17-182-g008){#F5}

Discussion {#sec1-5}
==========

MMD was first described by Suzuki and Takaku and the term means a 'wavering puff of smoke' and was used to describe the abnormal vasculature at the base of the brain.\[[@ref8]\] MMD is also called as "spontaneous occlusion of the circle of Willis".\[[@ref4]\] MMD is characterized by narrowing, starting at the distal internal carotid and proximal anterior, and middle cerebral arteries.\[[@ref1][@ref2][@ref8]\] Though the etiology is unknown, genetic mode of inheritance is considered. The frequency of familial occurrence has been estimated to be 616%.\[[@ref10]\] There was no familial occurrence in our group of patients.

DSA is considered as the procedure of choice for confirming the diagnosis of MMD,\[[@ref8]\] and conventional angiography is considered as the official criteria for diagnosis of MMD by the Japanese Ministry of Health and Welfare.\[[@ref11]\] Brain perfusion scintigraphy is an important adjunct in evaluation of patients with MMD.\[[@ref12]\] Kashyap *et al*.,\[[@ref12]\] in their study on 17 patients of MMD found that Tc99m-ethylcysteinate dimer (ECD) brain single-photon emission computed tomography (SPECT) showed perfusion defects that were more extensive compared to those detected on MR. Initially it was believed that MMD was restricted to Japan, but later cases were reported from all over the world especially from China and Korea.\[[@ref5]\] There are only few studies from India, though there are case reports describing individual cases. Largest Indian study was done by Garg *et al*.,\[[@ref13]\] with 44 patients in 10 years, including both childhood and adult onset MMD where 26 patients were adults. Singhi *et al*.,\[[@ref14]\] retrospectively analyzed data of 23 patients, diagnosed with pediatric MMD in 16 years. Chinchure *et al*.,\[[@ref15]\] analyzed case records of 11 patients which includes only adult onset MMD. Our study is the second largest study in India with 26 patients in the span of just 3 years including both adult and childhood onset MMD. There was equal distribution of adult and children in our study (13 patients each). Four of our patients had unilateral involvement suggestive of "probable" MMD.

The welfare ministry for MMD in 1979 described fourmajor types of MMD; hemorrhagic type, infarction type, TIA type, and epileptic type.\[[@ref16]\] In a study done by Singhi *et al*.,\[[@ref14]\] all patients had cerebral ischemic events. In our study; 10 patients had hemorrhagic type, 14 had infarction type, one had TIA type, and one of them was epileptic type. Though two of them had clinically only TIAs, imaging was suggestive of infarction type in one.

While most of the studies concentrate on the anterior circulation, studies pertaining to posterior circulation are very few.\[[@ref17]\] Mugikura *et al*.,\[[@ref18]\] reported high prevalence of clinical strokes and infarctions in patients diagnosed before 4 years of age, associated with advanced steno-occlusive lesions of the posterior cerebral artery (PCA). Indian study by Chinchure *et al*.,\[[@ref15]\] showed three out of 11 patients with posterior circulation involvement. Jayakumar *et al*.,\[[@ref17]\] in their series reported that 90% of the patients had involvement of posterior circulation. Garg *et al*.,\[[@ref13]\] did not mention about the involvement of posterior circulation in their series of 44 patients. Posterior circulation was involved in 26.1% patients in a study done by Singhi *et al*.,\[[@ref14]\] In our series, 50% of the patients had involvement of the posterior circulation. Though posterior circulation is frequently involved in MMD as evident by angiography, ischemic events of the posterior circulation are not frequent, as the posterior circulation acts as collateral pathway for the diseased anterior circulation till the later stage.\[[@ref14]\]

Series from Garg *et al*.,\[[@ref13]\] showed male predominance (68.2%); while study from Chinchure *et al*.,\[[@ref15]\] also showed slight male predominance (six out of 11 patients). But in our study, there was a female predominance with a ratio of 3.3:1. Garg *et al*.,\[[@ref13]\] reported intracranial hemorrhage in 96% of adults and 27.8% of children with MMD. Six out of 11 adults presented with intracranial hemorrhage in a study done by Chinchure *et al*.\[[@ref15]\] In our series, 38.46% of the patients had intracranial hemorrhage.

MMD can present with PIVH. In our series, three (30%) out of 10 MMD with hemorrhagic presentation had PIVH, while incidence of PIVH was high in the study done by Garg *et al*.,\[[@ref13]\] (46.7%).

Association of aneurysm has been mentioned with MMD. Garg *et al*.,\[[@ref13]\] reported 11 out of 44 patients with aneurysms (nine in the circle of Willis and two in the periphery), while only one case of aneurysm was found in our study as well as the study done by Chinchure *et al*.\[[@ref15]\] However, one of our pediatric MMD patient with seizure alone had DVA.

Lack of follow-up and revascularization procedures was the major limitation of our study. However, most of our patients were treated conservatively and few underwent revascularization procedures at other centers. But now, as more studies demonstrate the efficacy of revascularization procedures most patients are given the option of surgery in our institute too, and in future revascularization procedures may be of promising value.

To conclude, MMD is no more an uncommon disease entity and one should consider and rule out MMD in all patients with stroke, particularly in children and young adults. Though earlier studies in India had shown male preponderance, our data from northwest region showed female preponderance. Apart from ischemic or hemorrhagic strokes, MMD can present clinically as TIA and seizure alone and should be evaluated extensively. Posterior circulation involvement is frequent in MMD. Though parenchymal bleed with/without IVE is the usual presentation of hemorrhagic MMD, isolated intraventricular hemorrhage could also be the mode of presentation.
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